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(57) A pneumatic tire has a tread with a plurality of 11b) is substantially constant over the full length in the 

sipes (11,14,15), in which one of opposed wail faces longitudinal direction of the sipe. 
(11a) of the sipe (11) is a concave face arc-shapedly There is also provided a vulcanization mold for the 

curved over the whole of the sipe in a depth direction formation of such sipes, having a plurality of blades (22) 

thereof and the other wall face (11b) thereof is a convex each rendered into a curved shape arc-shapedly curv- 

face just fitted to the above concave face (11a), and a ing over the whole of the blade, the curved shape being 

curvature of each of the concave and convex faces (11a, substantially constant over the length of the blade in the 

longitudinal direction thereof. 
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D s ription 

This invention relates to a pneumatic tire comprising a tread provided on its land portion or block with a plurality 
of sipes each cut into a radial direction of th tire and extending substantially in a widthwise direction of the tread and 
s developing excellent wet performances, performances on the ice and the like as well as a vulcanization mold used for 
manufacturing the same. 

For example, if the sipe is formed in the block, the rigidity of the block having the sipe is necessarily lowered as 
compared with that of the block having no sipe, whereby it is apt to cause uneven wear such as heel and toe wear or 
the like. In order to control of the occurrence of such an uneven wear, for example, JP-A-5-58118 has proposed a 

10 technique wherein a convex portion is formed in a wall face of the sipe formed in the block so as to extend in the 
widthwise direction of the tire and a dimple engaging with such a convex portion is formed in the other wall face of the 
sipe. This article discloses that according to this technique, sub-block portions of the block divided by the sipe control 
the falling with each other based on the engagement between the convex portion and the dimple in the application of 
braking force to the tire and hence the fallen quantity can be decreased to shorten the braking distance in case of 

is braking on a frozen road surface and control the occurrence of heel and toe wear on a dry road surface. 

In such a conventional technique, however, the sizes of the convex portion and the dimple to be formed on the 
sipe wall faces are small, so that it is difficult to always produce a reliable engagement of both and hence there is highly 
caused a fear of providing no given effect. And also, when the braking force is applied to the tire, the convex portion 
p of the sipe wall face is engaged with the dimple d of the opposite sipe wall face to restrain the fallings of the sub- 

20 blocks sb to each other as shown in Fig. 5a. On the other hand, when the traction force is applied to the tire, the 
engagement between the convex portion and the dimple is loosened to decrease the restraining force against the 
falling of the sub-block sb as shown in Fig. 5b. In the conventional tire, therefore, there is a problem that uneven wear 
is unavoidably caused in the application of the traction force. 

It is, therefore, an object of the invention to solve the above problem of the conventional technique and to provide 

25 a pneumatic tire capable of always and effectively stopping the falling deformation of land portions defined by sipes 
irrespectively of braking and traction states to effectively prevent the occurrence of uneven wear as well as a vulcan- 
ization mold used for the manufacture of such a tire. 

According to a first aspect of the invention, there is the provision of a pneumatic tire comprising a tread provided 
on its land portion with a plurality of sipes each cut into a radial direction of the tire and extending substantially in a 

30 widthwise direction of the tread, in which one of opposed wall faces of the sipe is a concave face arc-shapedly curved 
over a whole of the sipe in a depth direction thereof at a section in a normal direction with respect to the tread surface 
and the other wall face of the sipe is a convex face just fitted to the above concave face, and a curvature of each of 
the concave and convex faces is substantially constant over a full length in a longitudinal direction of the sipe. 

In such a pneumatic tire, the concave face and the convex face are formed over the whole of the wall face of the 

35 sipe in the depth direction and the longitudinal direction thereof, respectively, and also the sizes thereof are fairly large 
as compared with those of the conventional technique, so that the fitting of the convex face into the concave face is 
carried out smoothly and surely. Even if a top of the convex face does not surely correspond to a valley of the concave 
face, such a top is always contacted with any portion of the concave, face, so that the falling deformation of the land 
portions defined by the sipe are sufficiently restrained by engaging the land portions with each other. This is caused 

40 in both the application of braking force to the tire and the application of traction force to the tire, so that the occurrence 
of uneven wear in the land portion can effectively be prevented. 

In the invention, it is enough to arrange the sipe having the concave face and the convex face at its opposed wall 
faces in at least a shoulder region for controlling the occurrence of uneven wear, particularly step-wise wear at this 
region. If necessary, when sipes existing in the side region and central region of the tread are also rendered into the 

45 structure having a concave face and a convex face at opposed wall faces, the effect of preventing the occurrence of 
uneven wear can be more improved. 

According to a second aspect of the invention, there is the provision of a vulcanization mold comprising a plurality 
of blades for the formation of sipes, each of the blades projecting inward in a radial direction on a mold surface for the 
formation of a land portion of a tire tread and extending substantially in a widthwise direction of the tread, said blade 

50 being rendered into a curved shape arc-shapedly curving over a whole of the blade at a section in a direction perpen- 
dicular to an extending direction of a top face of the blade and the curved shape being substantially constant over a 
length of the blade in a longitudinal direction thereof. 

In such a vulcanization mold, a sipe having a concave face and a convex face at its opposed wall faces can be 
formed simply and easily and exactly by the action of the blade arc-shapedly curved over a whole of the blade in the 

55 projecting direction. 

Since the blade has a curved shape over the whole thereof in the projecting direction, the depth of the concave 
face and the height of the convex face in the wall faces of the sipe can sufficiently be made large. On the other hand, 
the gradient of the curved shape of the blade is made sufficiently small, whereby the resulting vulcanized tire can easily 
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and smoothly be taken out from the mold. 

Moreover, the curved shape of the blade is substantially constant over the full length thereof and the blade itself 
has substantially a simple gutter shape, so that the blade having given shape and size can be produced fairly simply, 
easily and exactly as compared with a case of gradually changing a form of the blade at any positions in the projecting 
s direction and at any positions in the longitudinal direction. 

It is favorable that the curved shape of the blade has a relation of d^2t wherein d is a most depth of an inner 
concave face in the projecting direction and t is a thickness of the blade. 

The invention will be described with reference to the accompanying drawings, wherein: 

io Fig. 1a is a developed view of a tread pattern in an embodiment of the pneumatic tire according to the invention; 

Fig. 1b is a diagrammatically section view taken along l-l line of Fig. 1a; 

Figs. 2a and 2b are diagrammatically section views illustrating a deformation behavior of a land portion in a tread 
of the pneumatic tire according to the invention, respectively; 

Fig. 3 is a partly broken perspective view of an embodiment of the vulcanization mold according to the invention 
75 enlargedly illustrating a blade; 

Figs. 4a and 4b are schematic views of blades used for the manufacture of comparative tires, respectively; and 
Figs. 5a and 5b are diagrammatically section views illustrating a deformation behavior of a land portion in a tread 
of the conventional tire, respectively. 

20 in Fig. la is shown a tread pattern of an embodiment of the pneumatic tire according to the invention. The illustrated 

tread pattern is defined as follows. That is, two circumferential main grooves 1, 1 continuously extending in a circum- 
ferential direction are arranged in a central portion of a tread, and a pair of circumferential sub-grooves 5, 5 are arranged 
sideward from the circumferential main grooves 1 , 1 to divide a ground contact portion 2 of the tread into a central 
region 3 and both side regions 4 and further a circumferential fine groove 6 is arranged in each of the side regions 4. 

25 And also, a plurality of slant grooves 7 are arranged so as to open an end of each slant groove to the circumferential 
sub-groove 5 and extend the other end toward the circumferential main groove 1 (extend obliquely downward toward 
the circumferential main groove without opening thereto in the illustrated embodiment) and a plurality of lateral grooves 
8 extending curvedly upward at somewhat convex shape and opening to an end of the tread are arranged in a portion 
located sideward from the circumferential fine groove 6 in a width wise direction of the tread. Furthermore, a shoulder 

30 sipe 11 and a buttress sipe 12 having the same curving tendency as the lateral groove 8 are arranged between the 
circumferential fine groove 6 and the tread end and between adjoining lateral grooves 8 and separated slightly from 
each other in the widthwise direction of the tread so as to locate on a phantom curved line, while a fine sipe 1 3 located 
b tween an end of the lateral groove 8 and the circumferential fine groove 6, a side region sipe 14 located between 
the circumferential fine groove 6 and the circumferential sub-groove 5, and a central region sipe 15 located between 

35 the circumferential sub-groove 5 and the circumferential main groove 1 are arranged in a zone ranging from the end 
of each of the lateral grooves 8 to the circumferential main groove 1 so as to extend at the same curving tendency as 
the lateral groove 8 and locate on a phantom curved line continuing with the lateral groove 8. 

In this case, each of these sipes 11-15 is formed by cutting in the radial direction of the tire and orientationally 
xtends in the widthwise direction of the tread. 

40 in the above tread pattern, the shoulder sipe 11 , side region sipe 14 and central region sipe 15 among these sipes 

11-15 have particularly a structure that one of opposed wall faces of the sipe is a concave face arc-shapedly curved 
over a whole of the sipe in a depth direction thereof at a section in a normal direction with respect to the tread surface 
or the extending direction of the sipes 11 , 14, 15 and the other wall face of the sipe is a convex face just fitted to the 
above concave face, and a curvature of each of the concave and convex faces is substantially constant over a full 

45 | ngth of the sipe 11 , 14, 15 in a longitudinal direction of the sipe. 

In Fig. 1b is shown a section view of the shoulder sipe 11 in the direction of normal line as an example, in which 
one sipe wall face 11a is a concave face arc-shapedly curved over the whole of the sipe in the depth direction thereof 
and the other sipe wall face 11b is a convex face just fitted to the above concave face. 

Moreover, the bottom of each of the sipes 11, 14, 15 may be so-called flask-type bottom arc-shapedly enlarging 

so and terminating at the section in the direction of normal line. 

And also, a deviation quantity of each of the concave face and the convex face from an opening of the sipe 11 , 
14, 15 at a plan view of the sipe is substantially equal over the whole of the sipe in the longitudinal direction thereof 
as shown by dotted lines in Fig. 1a. 

In case that the sipes 11, 14, 15 have the above structure, the regions of the opposed wall faces of the sipe forming 
the concave face and the convex face extend over the whole of the sipe wall face, so that the fitting of the convex face 
into th concave face is carried out sufficiently smoothly and surely and the falling deformation of land portions defined 
by the sipes during the running of the tire under load is effectively restrained by engaging the land portions with each 
other based on the above fitting and hence the occurrence of uneven wear such as heel and toe wear or the like is 
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effectively prevented in the land portion. This is substantially similar even in case of contacting the top of the convex 
face with a position other than the valley of the concave face. 

Fig. 2 shows a section view of a land portion in th radial direction of the tire illustrating th behavior of the sipe 
1 1 . In this case, when braking force is applied to the tire, as shown in Fig. 2a ( the convex face of the sip wall face 11a 
5 is fitted into the concave face of the sipe wall face 1 1 b to closely contact both faces with each other, whereby the falling 
deformation of the land portions 17 defined by the sipe 11 is effectively restrained, while when traction force is applied 
to the tire, as shown in Fig. 2b, the convex face and the concave face are fitted into each other over a wider area in 
the depth direction of the sipe 11 to bring about the substantial reduction of the sipe depth and hence the falling de- 
formation of the land portions 17 is sufficiently restrained by engaging the land portions 17 with each other. Therefore, 
10 the uneven wear of the land portions in the tread can effectively be prevented even in the application of both the braking 
9 force and the traction force to the tire. 

In the manufacture of the pneumatic tire as mentioned above, it is favorable to use a vulcanization mold as shown 
by a partly broken perspective view of an enlarged main part of the mold in Fig. 3, in which a metal blade 22 for the 
* formation of the sipe is projected inward in a radial direction on a mold surface 21 for the formation of a land portion 
*s of a tire tread inward in a radial direction or upward in the radial direction in the illustrated embodiment and rendered 
into a curved shape arc-shapedly curving over a whole of the blade at a section toward either of both surfaces in a 
direction perpendicular to an extending direction of a top face 22a of the blade and the curved shape is substantially 
constant over a full length of the blade 22 in a longitudinal direction thereof. 

Since the metal blade 22 is comprised of a thin plate material, when the curved shape of the blade is convex at 
20 either of both surfaces, the resulting convex surface and concave surface are shapes corresponding to each other and 
hence the convex surface contributes to form the concave face of the sipe wall face and the concave surface contributes 
to form the convex face thereof. 

When such a vulcanization mold is used to build up the pneumatic tire through vulcanization, a land portion of a 
tread is formed by the mold surface 21, and a groove continuously extending in a circumferential direction is formed 
25 by a protrusion 23 shown by a phantom line, and slant grooves 7 and lateral grooves 8 are formed by protrusions not 
shown, while the concave face and convex face of opposed wall faces in each of the sipes are simply, easily and 
exactly formed by the metal blade 22 as is expected. 

Furthermore, a curved portion 24 of the blade 22 is curvedly formed over the whole of the blade in the projecting 
direction, so that the depth of the concave face and the height of the convex face in the sipe can properly be made 
30 large. Even if the size becomes large, a gradient of each of the concave surface and the convex surface can sufficiently 
be made small in the curved portion 24 formed over the whole of the blade 22 in its projecting direction, so that the tire 
after the vulcanization can always be taken out easily and smoothly from the mold. 

Since the blade 22 is arc-shapedly curved toward one side in the direction perpendicular to the extending direction 
of the top face of the blade and has substantially a simple gutter shape as a whole, the formation of the blade having 
55 given shape and size can simply and easily be carried out and also the formation accuracy can sufficiently and stably 
be increased. 

Consequently, it is possible to efficiently produce the blade 22 with a fairly excellent working accuracy as compared 
with a case that the curved form, bent form or the like of the blade is gradually changed every given position in the 
projecting direction and the longitudinal direction. Further, it is possible to produce plural kinds of blades from a single 
^0 blade member produced with a sufficient size accuracy by cutting into given sizes. 

Moreover, a linear member 25 having an arc shape at its lateral section as shown by a phantom line in Fig. 3 may 
be disposed on the top face 22a of the blade 22, whereby the bottom of the resulting sipe may be a flasMype bottom 
terminating at an arc-shapedly enlarged state. 

The following example is given in illustration of the invention and is not intended as limitation thereof. 
45 a pneumatic tire according to the invention having a tire size of 205/65R15 and a tread pattern as shown in Fig. 

1 is manufactured by using a vulcanization mold provided with blades as shown in Fig. 3 and then evaluated with 
r spect to the resistance to uneven wear as follows. 

In the invention tire, only a shoulder sipe 11 is formed by using a metal blade 22 having a length of 10 mm and a 
projecting height from a mold surface 21 of 5.4 mm and a protruding quantity of a curved portion 24 of 1 .5 mm. 
so The thus obtained invention tire is mounted onto a rim of 6 1/2 and inflated under an air pressure corresponding 

to a design normal load defined according to JIS D4202 and actually run over a distance of 10000 km. Thereafter, a 
quantity of step difference of heel and toe wear is measured to obtain a result as shown in Table 1. Moreover, the 
resistance to uneven wear is represented by an index of the measured value on the basis that comparative tire 1 is 100. 
The comparative tire 1 is manufactured by using a vulcanization mold having the same structure as in the vulcan- 
55 ization mold according to the invention except that flat blades having no curved and bent portion as shown in Fig. 4a 
are used for the formation of sipes. 

For the comparison, a comparative tire 2 is manufactured by using a vulcanization mold having the same structures 
as in the vulcanization mold according to th invention except that blades each having a mountain-shaped projected 
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central portion as shown in Fig. 4b are used for the formation of sipes. 

In Table 1 is also shown a degree of production difficulty of the blade itself in the vulcanization mold used for the 
manufacture of the tire. 
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Table 1 





Resistance to uneven wear 


Degree of production difficulty of blade 


Comparative tire 1 


100 


very easy 


Comparative tire 2 


115 


difficult 


Invention tire 


110 


easy 



15 



20 



25 



30 



As seen from Table 1 , the invention tire can largely improve the resistance to uneven wear as compared with the 
comparative tire 1. 

As regards the resistance to uneven wear, the comparative tire 2 exhibits a good result as compared with the 
invention tire. In the comparative tire 2, however, it is necessary to use a plurality of blades being very difficult in the 
production of the blade. Therefore, the invention tire is most favorable in practical use because it can easily be man- 
ufactured by using the vulcanization mold provided with a plurality of blades being easy in the production of the blade. 

As mentioned above, in the pneumatic tire according to the invention, the falling deformation of land portions 
defined by sipes are effectively restrained irrespectively of braking stage and traction stage, whereby the occurrence 
of uneven wear in these land portions can effectively be prevented. 

In the vulcanization mold according to the invention, the formation of convex face and concave face in the opposed 
sipe wall faces can be carried out simply, easily and exactly as is expected. Furthermore, it is possible to properly 
select the depth of the concave face or the height of the convex face, if necessary, and also the tire after the vulcanization 
can always be taken out smoothly and easily from the vulcanization mold. 

Moreover, the blade for the formation of the sipe used in the vulcanization mold has substantially a simple gutter 
shape as a whole, so that it can simply and efficiently be produced with a higher working accuracy and hence the 
number of production steps for the manufacture of the vulcanization mold can be decreased and also the working 
accuracy of the tire to be manufactured by using the vulcanization mold can largely be improved. 



Claims 



35 



40 



45 



A pneumatic tire having a tread provided in its land portion with a plurality of sipes (11 ,14,15) each cut in the radial 
direction of the tire and extending substantially in the widthwise direction of the tread, in which one of opposed 
wall faces (1 1a) of the sipe (11 ) is a concave face arc-shapedly curved over the whole of the sipe in a depth 
direction thereof at a section in a normal direction with respect to the tread surface and the other wall face (11b) 
of the sipe is a convex face just fitted to the said concave face (1 la), and a curvature of each of the concave and 
convex faces (1 la, 11b) is substantially constant over the full length in the longitudinal direction of the sipe. 

A vulcanization mold having a plurality of blades (22) for the formation of sipes, each of the blades projecting 
inward in a radial direction on a mold surface (21 ) for the formation of a land portion of a tire tread and extending 
substantially in a widthwise direction of the tread, said blade (22) being rendered into a curved shape arc-shapedly 
curving over a whole of the blade at a section in a direction perpendicular to an extending direction of a top face 
(22a) of the blade and the curved shape being substantially constant over the length of the blade in the longitudinal 
direction thereof. 



so 



3. A vulcanization mold as claimed in claim 2, characterized in that the curved shape of the blade (22) has a relation 
of d ^ 2t wherein d is a maximum depth of an inner concave face in the projecting direction and t is the thickness 
of the blade. 
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FIG. 3 
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FIG. 4a 
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(57) A pneumatic tire has a tread with a plurality of 
sipes (11,14,15); in which one of opposed wall faces 
(11a) of the sipe (11) is a concave face arc-shapedly 
curved over the whole of the sipe in a depth direction 
thereof and the other wall face (11 b) thereof is a convex 
face just fitted to the above concave face (11a), and a 
curvature of each of the concave and convex faces (11a, 



11b) is substantially constant over the full length in the 
longitudinal direction of the sipe. 

There is also provided a vulcanization mold for the 
formation of such sipes, having a plurality of blades (22) 
each rendered into a curved shape arc-shapedly curv- 
ing over the whole of the blade, the curved shape being 
substantially constant over the length of the blade in the 
longitudinal direction thereof. 
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